This paper was presented as a lecture for the 2005 Clarke Prize. It addresses the global challenge for adequate and safe water through several cases involving water scarcity and quality. The first case, in Namibia, exemplifies water scarcity and the harnessing of water science and technology to extract water for potable use from a nontraditional source -domestic wastewater. The second case focuses on water scarcity and the implications for national stability and regional peace, illustrated by Israel and its neighboring countries. The third discussion is related to water quality, specifically the lack of safe drinking water in the developing world. Drawing from these cases, it is shown that global water scarcity and quality problems involve complex technological, societal, cultural, economical, and political aspects.
waterborne diseases and save millions of lives are outlined.
Drawing from these cases, the successes and failures of water quality engineering will be highlighted, along with thoughts about our responsibility to ensure that adequate clean water is available to all people.
WATER SCARCITY AS AN IMPETUS TO EXTRACT WATER FROM NONTRADITIONAL SOURCES
Water-stressed countries or regions, with no additional freshwater resources to meet increasing water demands, turn to nontraditional sources to augment their water supplies. Two such sources are domestic wastewater effluent and seawater.
The latter option, however, is limited to coastal communities.
With existing technologies, domestic wastewater effluent represents a viable source to produce water of any desired quality. Several prominent examples of advanced wastewater reclamation plants for indirect potable use are available, most notably Water Factory 21 in Orange County, California, and the recent NEWater Factory in Singapore. Here, as an example of the complex factors involved, a wastewater reclamation plant for potable use in Namibia will be described. It is notable that this is the only plant in the world that reclaims domestic wastewater for direct potable use. Namibia, located in the southwestern part of Africa, is the most arid country in sub-Saharan Africa. There are only ephemeral rivers in the interior of the country. The only perennial rivers are on the northern and southern borders of the country, respectively 470 and 560 miles from the capital city, Windhoek.
With a population of approximately 250 000, Windhoek and the other central areas of Namibia have limited water resources. The average annual rainfall in Windhoek is merely 14 inches, while average annual evaporation is 10 times higher, at 140 inches. For most of its water supply, the city relies on three surface reservoirs built on ephemeral rivers that run only after heavy rainfall events. On one of these reservoirs, the Goreangab Dam, a conventional water treatment plant was built in 1958 to treat water from the reservoir to potable standards.
In 1969, the plant was converted to treat not only surface water from the Goreangab Dam, but also secondary effluent from the city's wastewater treatment plant. Thus, the Goreangab Reclamation Plant -the first plant for direct reclamation of wastewater for potable use -was born. The treatment sequence comprised the blending of reservoir water with secondary effluent, coagulation, dissolved air flotation, rapid sand filtration, granular activated carbon adsorption and chlorination (Du Pisani 2005) . By blending reclaimed water with local groundwater, the plant was able to deliver 7500 cubic meters of potable water per day.
Because the whole city lies upstream from and within the catchment of the Goreangab Dam, growth and industrialization introduced pollutants that seriously compromised water quality in the reservoir. Considering that easily accessible natural resources had already been fully exploited, expanded wastewater reclamation was deemed the logical choice to augment the water supply. Thus, the pathogens -ozonation and ultrafiltration -which were not present in the old reclamation plant.
Undoubtedly, the most important aspect of potable reclamation is public acceptance and trust in the quality of the product water. Breaking down the psychological barriers to the idea of direct reuse for potable purposes is not a trivial task. To retain public confidence, water quality at the Goreangab Treatment Plant is monitored routinely through online instrumentation, as well as through the collection of composite water samples after every process step. In the case of any quality problem, the plant goes into recycle mode and treated water is not delivered. The final product water is also continuously sampled via online instrumentation and composite sampling, and is analyzed for a full range of physical, chemical and microbial parameters. The citizens of Windhoek have, over time, become used to the idea that reclaimed water is included in their drinking water supply. Actually, they have grown to have a genuine pride in the reality that their city leads the world in direct water reclamation.
Several important points can be highlighted from the example of Windhoek. First, wastewater reclamation represents a viable option to augment water supply in water-stressed regions, even in countries with modest natural and financial resources. Second, with engineering innovations, wastewater can be reclaimed to produce water that is safe for human consumption. Third, we need an integrated approach to wastewater reclamation for indirect or direct potable use that combines several disciplines: engineering, public health, education and social sciences.
WATER SCARCITY AND NATIONAL STABILITY
There is more than a little truth in Mark Twain's saying:
"Whiskey is for drinking; water is for fighting over". It is now recognized that water scarcity is a potential source of conflict among countries. A lack of water imperils a Water allocation among countries, or even between regions within a country, is a complex issue involving economical, political, legal and technological considerations. Given that it has taken years of negotiations for California and Nevada to come to an agreement regarding the allocation of Truckee River waters, it is not surprising that it took 9 years for India and Pakistan to agree on the Indus River basin. Water allocation is a problem even among friendly countries. In Europe, for example, the Danube River basin agreement is supervised by a task force of 12 nations, seven international organizations, and four nongovernmental groups (Simon 1998) .
Nowhere is this problem more urgent than in the arid Middle East. Water has been a most important security matter in the Middle East since antiquity, and the allocation and rights to water in this region are potentially explosive issues. Here, the water scarcity problem and the resulting contention between Israel and its neighbors, particularly Palestine and Syria, are described. The technological solutions implemented by Israel to augment its water supply, namely wastewater reuse and seawater desalination, are presented and discussed to illustrate how water science and technology can serve to alleviate water security problems.
Israel's water supply system relies on three major sources: the Sea of Galilee (Lake Kinneret), the Coastal Aquifer and the Mountain Aquifer. The upper Jordan River, the source of water for the Sea of Galilee, begins with three tributaries: the Hasbani River, which originates in Syria and has at least part of its outflow in Lebanon, and the Dan and Banias Rivers, originating in the Golan Heights, which were occupied by Israel in the 1967 war. description of the trans-boundary water resources of Israel clearly shows why water will become a major issue in any peace agreement between Israel and those who share the water resources. In fact, some historians argue that one of the reasons for the 1967 war between Israel and its neighbors, Jordan and Syria, was for gaining control over the water resources in the region.
The current water resources in Israel are not sufficient to meet the non-agricultural water demand without exceeding the permissible withdrawal from these water sources.
Moreover, while the population increases, the quantity of available freshwater is actually shrinking. This is attribu- (Kanarek & Michail 1996) . It Despite this major effort, however, the absolute number of people still lacking access to safe water and sanitation had not changed by much, though slight progress has been made in providing safe water to low-income urban populations, as well as those in rural areas (Mintz et al. 2001) .
Centralized water treatment facilities continue to be an important objective of development agencies. However, for developing countries, providing safe, piped water to remote populations is quite expensive. Furthermore, rapid population growth in urban areas poses problems in planning and constructing new water and sanitary infrastructures.
Given the failure to reduce the number of people without access to basic water supply and sanitation during the 1990s, it is apparent that current approaches are not satisfactory (Mintz et al. 2001) . Approaches that rely only on centralized solutions will leave hundreds of millions of people without safe water far into the foreseeable future.
Alternative interventions to support the impoverished populations in developing countries are called for.
There is growing evidence that simple, "low-tech", low- et al. 2001) . In that province, 66% of the population lacked access to safe water and nearly 50% of children younger than 5 years had experienced diarrhea in the preceding 2 weeks.
Six months after introducing these interventions, monitoring
indicated relatively high adoption rates for chlorination and modified clay pots. The adoption rate for chlorination was substantially higher than rates found in urban projects in other countries. Some of the contributing factors for the success of the project were the perceived need for water treatment to prevent diarrhea, ease in accessing and using the product and the relatively low cost of the product.
The experience in Madagascar and Kenya showed that public health interventions must involve behavior changes to achieve significant reductions in the incidence or severity of diarrheal diseases. Such populations have well-established water handling habits, limited income and a history of receiving free goods from nongovernmental organizations. The above studies concluded that the process by which new water treatment and storage practices are promoted is as critical as the treatment process itself. What local, regional and international legal structures need to be developed to enforce this? Obviously, a natural question follows: who pays for this?
SUFFICIENT CLEAN WATER AS A UNIVERSAL HUMAN RIGHT
Dialogue in this area is growing. The international community is making progress in recognizing the universal importance for sufficient clean water. One day, hopefully, all people in the world will enjoy the right to water as a result of these efforts. There was once a time, in our recent history, when people would have considered voting rights for women or civil rights for marginalized populations to be but a dream. While the fight for civil rights continues, and is a journey rather than an endpoint, significant strides forward have been made thanks to the vision and commitment of many individuals.
We, likewise, can move the struggle for water rights forward. As individuals concerned with water science and technology, we must support these efforts and, in our own circles, push for progress in this area. Treating water and maintaining just distribution does not happen without political will and financial investment. In considering the heavy importance of clean and abundant water for all life, it is not possible to box ourselves into economic considerations of markets demanding continual supplies of water. While safe water surely has a price, this price cannot be considered purely in neoclassical economic terms. The value of water is so much more. Determining the way to ensure safe, sufficient water for all the world's individuals is a huge human challenge and requires the combined charge of many stakeholders from economists and policy analysts, scientists and engineers, to local communities and their politicians.
CLOSURE
In summary, to be effective, water scientists and engineers must become comfortable traversing both the technical and the complex social terrain. At the bare minimum, we must be sensitive to the inherent ethical, political and economical environments in which we play a pivotal role and, indeed, we must engage those components to succeed. The preceding discussion emphasizes that solutions to our water scarcity and water quality problems require attention to technology and social structure. At the end of the day, if we are successful, we will have transformed the planet and will need to apply our skills elsewhere, but in the meantime, our most precious resource, water, requires our utmost attention. 
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